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300

\ Receive a first Internet Protocol (IP) video
packet including a first video content, and a second

[P video packet including a second video content 301

Identify a common reference time for the first
and second IP video packets 302

[dentify a first frame number, a first line number, and
a first pixel number of the first video content,
the first frame number, the first line number,

and the first pixel number corresponding to 303
the common reference time

Determine a first buffering interval for synchronizing the
first IP video packet with the second IP video packet, the first
buffering interval being determined based on the
first frame number, the first line number, the first ~ 304
pixel number, and the common reference time

Hold the first first 1P video packet during the
first buffering interval 305

Release the first IP video packet when the first buffering
interval elapses, so as to align the first video content with
the second video content at the common retference time 306

FIG. 3
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SYSTEMS AND METHODS FOR ALIGNING
FRAMES OF A DIGITAL VIDEO CONTENT
IN IP DOMAIN

BACKGROUND

When displaying a video content, 1t 1s axiomatic that each
frame of a video signal must appear in the mntended position
on the video display. Inconsistent positioning of subsequent
frames of the video content causes the image to appear
blurry and may aflect the color of the video content on a
display. Additionally, subsequent frames of a video content
must appear in sequential order and at a consistent and
appropriate frame rate. Conventionally, reference points
have been used to align video frames on the display, and
video eflects, such as a black burst, have been used to
synchronize videos 1n time. Recent advances in video tech-
nology allow digital video contents to be transmitted using
Internet protocol (IP), which introduces new challenges for
alignment of video frames.

SUMMARY

The present disclosure 1s directed to systems and methods
for aligning frames of digital video content 1n an Internet
Protocol (IP) domain, substantially as shown in and/or
described 1n connection with at least one of the figures, as set
forth more completely 1n the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a diagram of an exemplary system for
aligning frames of digital video content 1 an Internet
Protocol (IP) domain, according to one implementation of
the present disclosure;

FIG. 2 shows a diagram of incoming digital video con-
tents for use with the system of FIG. 1, according to one
implementation of the present disclosure; and

FIG. 3 shows a flowchart illustrating an exemplary
method of aligning frames of digital video content 1n an IP
domain, according to one implementation of the present
disclosure.

DETAILED DESCRIPTION

The following description contains specific information
pertaining to implementations in the present disclosure. The
drawings in the present application and their accompanying
detailed description are directed to merely exemplary imple-
mentations. Unless noted otherwise, like or corresponding,
clements among the figures may be indicated by like or
corresponding reference numerals. Moreover, the drawings
and 1llustrations in the present application are generally not
to scale, and are not intended to correspond to actual relative
dimensions.

FIG. 1 shows a diagram of an exemplary system for
aligning frames of digital video content in an Internet
Protocol (IP) domain, according to one implementation of
the present disclosure. System 100 includes system time
101, first IP video packet 102, second IP video packet 106,
and computing device 110. System time 101 may be a
synchronization time for synchronizing a plurality of
devices 1n system 100. In some implementations, system
time 101 may be an internal time generated by computing,
device 110. In other implementations, system time 101 may
be a Precision Time Protocol (PTP) time generated by a
master device (not shown 1n FIG. 1) or grandmaster device
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(also not shown in FIG. 1). System time 101 may be a
common reference time and may be used to synchronize
devices and/or events 1n system 100.

First IP video packet 102 and second IP video packet 106
may be respective IP packets each including part or all of a
frame, line, or pixel of digital video content. In some
implementations the frame, line, and pixel structures may
extend over frame boundaries. For example, 4K content (e.g.
3840x2160 line/pixel structure) at 120 frames per second
will contain a tremendous amount of mmformation as con-
trasted to a 480P (e.g. 480x720 line/pixel structure) at 24
frames per second. The example used 1s intended to show a
generic sample of a frame/line/pixel structure. However, the
inventive principles disclosed in the present application are
applicable to substantially all types of formats.

As shown 1n FIG. 1, first IP video packet 102 includes
frame number 103, line number 104, and pixel number 105.
For example, frame number 103, line number 104, and pixel
number 105 may be 1included 1n a header of a frame of first
IP video packet 102. Frame number 103 may indicate a
frame number of the video content that 1s included 1n first IP
video packet 102. In some implementations, frame number
103 may indicate a frame of the video content in reference
to system time 101, which may be a common reference time
tfor first IP video packet 102 and second IP video packet 106,
for example. Line number 104 may indicate a line of frame
number 103, and may correspond to the common reference
time. Pixel number 105 may indicate a pixel of line number
104, and may correspond to the common reference time. In
some 1mplementations, the common reference time may be
a time when first IP video packet 102 1s received by
executable code 140.

As shown further shown 1 FIG. 1, second IP video packet
106 includes frame number 107, line number 108, and pixel
number 109. For example, frame number 107, line number
108, and pixel number 109 may be included 1n a header of
a frame of second IP video packet 106. Frame number 107
may indicate a frame number of the video content that 1s
included 1n second IP video packet 106. In some implemen-
tations, frame number 107 may indicate a frame of the video
content at a certain point in time, which may be measured by
the common reference time, e.g., system time 101. Line
number 108 may indicate a line of frame number 107, and
may correspond to the common reference time. Pixel num-
ber 109 may indicate a pixel of line number 108, and may
correspond to the common reference time. In some 1mple-
mentations, the common reference time may be a time when
second IP video packet 106 1s received by executable code
140.

Computing device 110 may be an IP video device for
displaying an IP video, such as an IP television, a laptop or
desktop computer, a tablet computer, a mobile device, to
name a few examples. Alternatively, computing device 110
may be a smart IP routing device, such as a data router or
switch, for example. Computing device 110 includes pro-
cessor 120, memory 130, and display 180. Processor 120 1s
a hardware processor, such as a central processing unit
(CPU) found in computing devices. Memory 130 1s a
non-transitory storage device for storing software for execu-
tion by processor 120, and also for storing various data and
parameters. Memory 130 includes executable code 140.
Executable code 140 may include one or more software
modules for execution by processor 120. As shown in FIG.
1, executable code 140 includes data extraction module 141,
synchronization module 143, temporal alignment module
144, vertical alignment module 145, and horizontal align-
ment module 147.
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Data extraction module 141 1s a software module stored
in memory 130 for execution by processor 120 to extract
data from IP video packets, such as first IP video packet 102
and/or second IP video packet 106. In some implementa-
tions, data extraction module 141 may extract data related to
a video content 1included 1n first IP video packet 102 and/or
second IP video packet 106. For example, when executable
code 140 recerves first IP video packet 102, data extraction
module 141 may extract data such as frame number 103, line
number 104, and/or pixel number 105. In some implemen-
tations, data extraction module 141 may extract the data with
respect to a common reference time, which may be system
time 101, or may be the time at which first IP video packet
102 1s received, or may be a time that another IP video
packet, such as second IP video packet 106, 1s received.

Synchronization module 143 1s a software module stored
in memory 130 for execution by processor 120 to synchro-
nize two or more IP video packets, such as first IP video
packet 102 and second IP wvideo packet 106. In some
implementations, synchronization module 143 may syn-
chronize three or more IP video packets. Synchronization
module operates to ensure that first IP video packet 102 and
second IP video packet 106 are referenced to a common
reference time, such as system time 101, for example. In
addition, 1n some implementations, synchronizing first IP
video packet 102 with second IP video packet 106 may
include utilizing temporal alignment module 144, vertical
alignment module 145, and hornizontal alignment module
147, as described below.

Temporal alignment module 144 1s a software module
stored 1n memory 130 for execution by processor 120 to
temporally align the video content of various IP video
packets. In some implementations, temporal alignment mod-
ule 144 may receive frame number 103 from data extraction
module when executable code 140 receives first IP video
packet 102, and/or frame number 107 from data extraction
module 141 when executable code 140 receives second IP
video packet 106. Temporal alignment module may align
first IP video packet 102 and second IP video packet 106
based on the frame number corresponding to each IP video
packet recerved and the common reference time, such as
system time 101.

Vertical alignment module 145 1s a software module
stored 1n memory 130 for execution by processor 120 to
vertically align the video contents of various IP wvideo
packets. In some implementations, vertical alignment mod-
ule 145 may receive line number 104 from data extraction
module 141 when executable code 140 receives first IP
video packet 102, and/or line number 108 from data extrac-
tion module 141 when executable code 140 receives second
IP video packet 106. Vertical alignment module 145 may
vertically align first IP video packet 102 and second IP video
packet 106 based on the line number corresponding to each
IP video packet received and the common reference time.

Horizontal alignment module 147 1s a software module
stored 1n memory 130 for execution by processor 120 to
horizontally align the video contents of various IP video
packets. In some 1mplementations, horizontal alignment
module 147 may receive pixel number 105 from data
extraction module 141 when executable code 140 receives
first IP video packet 102, and/or pixel number 109 from data
extraction module 141 when executable code 140 receives
second IP video packet 106. Horizontal alignment module
147 may horizontally align first IP video packet 102 and
second IP video packet 106 based on the pixel number
corresponding to each IP video packet received and the
common reference time.
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FIG. 2 shows a diagram of incoming digital video content
for use with the system of FIG. 1, according to one imple-
mentation of the present disclosure. Diagram 200 shows
video content 202, video content 212, video content 213, and
video content 206 relative to common reference time 207. In
some 1mplementations, common reference time 207 may be
defined by system time 101 and may assign time t=0 to the
time a last IP video packet 1s received. As shown 1n FIG. 2,
video content 206 1s the last video content to be received in
second IP video packet 106 at time 207. In some implemen-
tations, synchronization module 143 may use common ref-
crence tune 207 for synchronizing video content 202, 212,
213, and 206.

It 1s noted that video content 202 corresponds to the video
content included 1n first IP video packet 102, in FI1G. 1, while
video content 206 corresponds to the video content included
in second IP video packet 106. It 1s further noted that video
content 202, video content 212, video content 213, and video
content 206 may include completely encapsulated video
content, or video essence encapsulated content. In other
words, the systems and methods disclosed in the present
application may be used with a wide variety of IP video
standard methods. Examples of those standard methods
include complete video encapsulation, such as Society of
Motion Picture and Television Engineers (SMPTE) 2022,
video essence encapsulation, such as SMPTE 2110, and
Internet Engineering Taskforce (IETF) standards, such as
RFC 3550.

Video content 202 1s three (3) lines and seven (7) pixels
ahead of video content 206. In some implementations,
synchronization module 143 may hold video content 202
during a buflering interval lasting from the time video source
292 1s received until common reference time 207. Video
content 212 1s two (2) lines and two (2) pixels ahead of video
content 206. Synchronization module 143 may hold video
content 212 during another bullering interval from the time
video content 212 1s received until common reference time
207. Video content 213 1s one (1) line and six (6) pixels
ahead of video content 206. Synchronization module 143
may hold video content 213 during yet another buflering
interval from the time video content 213 1s recerved until
common reference time 207.

In some 1mplementations, synchronization module 143
may synchromize video sources 202, 212, 213, and 206
based on the time the first video source is received or based
on the time the last video source 1s received. In some
implementations, the common reference time may be deter-
mined using system time 101, and the time a video source
1s received may be determined by the time at which a
particular frame of a video content 1s recerved by synchro-
nization module 143.

FIG. 3 shows a flowchart illustrating an exemplary
method of aligning frames of a digital video content 1n an IP
domain, according to one implementation of the present
disclosure. Method 300 begins at 301, where executable
code 140, executed by hardware processor 120, receives first
IP video packet 102 including video content 202 and second
IP video packet 106 including video content 206. As shown
in FIGS. 1 and 2, first IP video packet 102 includes video
content 202 having frame number 103, line number 104, and
pixel number 105. In addition, and as further shown 1n FIG.
1, second IP video packet 106 includes video content 206
having frame number 107, line number 108, and pixel
number 109,

At 302, executable code 140, executed by hardware
processor 120, identifies a common reference time for first
IP video packet 102 and second IP video packet 106. In some
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implementations, the common reference time identified by
executable code 140 may be system time 101, which may
itsell be a Precision PTP time used by system 100. However,
in other implementations, the common reference time may
correspond to time 207, 1n FIG. 2, which 1s the time that the
last of multiple IP video packets 102/202, 212, 213, and
106/206 1s received, 1.e., the time that second IP video
packet 102 1s received.

At 303, executable code 140, executed by hardware
processor 120, identifies frame number 103, line number
104, and pixel number 105 of video content 202 included 1n
first IP video packet 102, where frame number 103, line
number 104, and pixel number 105 correspond to the
common reference time. Frame number 103 may indicate a
frame number of video content 202 1ncluded 1n first IP video
packet 102, line number 104 may indicate a line number of
the frame included 1n first IP video packet 102, and pixel
number 105 may indicate a pixel number 1n the first line. As
a specific example, and referring to FI1G. 2, where time 207
1s 1dentified as the common reference time, frame number
103, line number 104, pixel number 105 1dentily a frame-
line-pixel position within video content 202 at common
reference time 207, 1.e., Frame 1, Line 4, and Pixel 8.

In some implementations, frame number 103 may be used
as a reference to temporally align video content 202
included 1n first IP video packet 102 with video content 206
included 1n second IP video packet 106. Line number 104
may be used as a reference to vertically align video content
202 with video content 206. Pixel number 105 may be used
as a reference position to horizontally align video content
202 with video content 206. Data extraction module 141
may extract frame number 103, line number 104, and/or
pixel number 105 from first IP video packet 102.

At 304, executable code 140, executed by hardware
processor 120, determines a {first bullering interval for
synchromizing first IP video packet 102 with second IP video
packet 106, the first bullering interval being determined
based on frame number 103, line number 104, and pixel
number 106 of first IP video packet 102, and the common
reference time. For example, and continuing with the exem-
plary use case shown 1n FIG. 2, where time 207 1s identified
as the common reference time, the buflering interval may be
determined based on the extent to which video content 202
included 1n first IP video packet 102 leads common refer-
ence time 207. That 1s to say, the bullering interval may be
determined based on the 3 lines and 7 pixels by which video
content 202 leads common reference time 207.

At 305, executable code 140, executed by hardware
processor 120, holds first IP video packet 102 during the
buflering interval. For example, executable code 140 may
hold first IP video packet 102 until one or more later arriving,
IP video packets, such as second IP video packet 106, are
received. First IP video packet 102 may be held in memory
130, or in another memory (not shown in FIG. 1), such as a
random access memory (RAM), of computing device 110.

At 306, executable code 140, executed by hardware
processor 120, releases first IP video packet 102 when the
first buflering interval elapses so as to align video content
202 with video content 206 at the common reference time,
¢.g., time 207. The method outlined in flowchart 300 advan-
tageously results 1 video content 202 included in first IP
video packet 102 being released in phase, 1.¢., pixel-to-pixel
locked, with video content 206 included 1n second IP video
packet 106.

Although not included 1n exemplary flowchart 300, 1n
implementations in which the common reference time for
first IP video packet 102 and second IP video packet 106 1s
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a time other than the time at which second IP video packet
106 1s recerved, such as a PTP time, the present method may
further include additional actions analogous to actions 303,
304, 305, and 306 described above. For example, 1n those
implementations, the present method may include determin-
ing a second bufllering interval for synchronizing second IP
video packet 106 with first IP video packet 102 based on
frame number 107, line number 108, and pixel number 109
of second IP video packet 106. In addition, the present
method may include holding second IP video packet 106
during the second buflering 1nterval, and releasing second 1P
video packet 106 when the second bullering interval elapses,
concurrently with releasing first IP video packet 102.

It 1s noted that, for some applications, 1t may be advan-
tageous or desirable to manually adjust the line, pixel, and
frame timing, with or without timing references, rather than
have that adjustment performed automatically, as described
above. Examples of such applications are those in which
video content 1s to be aligned with either upstream or
downstream devices that may have fixed timing implemen-
tations.

From the above description, it 1s manifest that various
techniques can be used for implementing the concepts
described 1n the present application without departing from
the scope of those concepts. Moreover, while the concepts
have been described with specific reference to certain imple-
mentations, a person having ordinary skill in the art would
recognize that changes can be made 1n form and detail
without departing from the scope of those concepts. As such,
the described implementations are to be considered 1n all
respects as 1llustrative and not restrictive. It should also be
understood that the present application 1s not limited to the
particular implementations described above, but many rear-
rangements, modifications, and substitutions are possible
without departing from the scope of the present disclosure.

What 1s claimed 1s:

1. A system comprising:

a non-transitory memory storing an executable code;

a hardware processor executing the executable code to:

receive a first Internet protocol (IP) video packet
including a first video content, and a second IP video
packet including a second video content;

identily a common reference time for the first and
second IP video packets;

identify a first frame number, a first line number, and a
first pixel number of the first video content, the first
frame number, the first line number, and the first
pixel number corresponding to the common refer-
ence time:

determine a first buflering interval for synchronizing
the first IP video packet with the second IP video
packet, the first bullering interval being determined
based on the first frame number, the first line number,
the first pixel number, and the common reference
time;

hold the first IP video packet during the first builering
interval; and

release the first IP video packet when the first builering
interval elapses so as to align the first video content
with the second video content at the common refer-
ence time;

wherein the common reference time 1s one of a first
time the first IP video packet 1s received and a second
time the second IP video packet 1s recerved.

2. The system of claim 1, wherein synchronizing the first
IP video packet with the second IP video packet includes
temporally aligning the first video content with the second
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video content based on the first frame number of the first
video content and a second frame number of the second
video content.

3. The system of claim 1, wherein synchronizing the first
IP video packet with the second IP video packet includes
vertically aligning the first video content with the second
video content based on the first line number of the first video
content and a second line number of the second video
content.

4. The system of claim 1, wherein synchronizing the first
IP video packet with the second IP video packet includes
horizontally aligning the first video content with the second
video content based on the first pixel number of the first
video content and a second pixel number of the second video
content.

5. The system of claim 1, wherein the hardware processor
turther executes the executable code to determine a second
buflering interval for synchromizing the second IP video
packet with the first IP video packet, the second buflering
interval being determined based on a second frame number
of the second IP video packet, a second line number of the
second IP video packet, a second pixel number of the second
IP video packet, and the common reference time.

6. The system of claim 5, wherein the hardware processor
turther executes the executable code to hold the second IP
video packet during the second buflering interval.

7. The system of claim 6, wherein the hardware processor
turther executes the executable code to release the second IP
video packet when the second bulilering interval elapses.

8. The system of claim 1, wherein the first frame number,
the first line number, and the first pixel number are included
in a header of a first frame of the first IP video packet, and
a second frame number, a second line number, and a second
pixel number are included 1n a header of a second frame of
the second IP video packet.

9. The system of claim 1, wherein the common reference
time 1s the second time the second IP video packet i1s
received.

10. A method for use with a device including a non-
transitory memory and a hardware processor, the method
comprising:

receiving, using the hardware processor, a first Internet

protocol (IP) video packet including a first video con-
tent, and a second IP video packet including a second
video content;
identifying, using the hardware processor, a common
reference time for the first and second IP video packets;

identifying, using the hardware processor, a first frame
number, a {irst line number, and a first pixel number of
the first video content, the first frame number, the first
line number, and the first pixel number corresponding
to the common reference time;

determining, using the hardware processor, a first builer-

ing interval for synchronizing the first IP video packet
with the second IP video packet, the first builering
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interval being determined based on the first frame
number, the first line number, the first pixel number,
and the common reference time;
holding, using the hardware processor, the first IP video
packet during the first bullering interval; and

releasing, using the hardware processor, the first IP video
packet when the first buflering interval elapses so as to
align the first video content with the second video
content at the common reference time:

wherein the common reference time 1s one of a first time

the first IP video packet 1s received and a second time
the second IP video packet 1s received.

11. The method of claim 10, wherein synchronizing the
first IP video packet with the second IP video packet
includes temporally aligning the first video content with the
second video content based on the first frame number of the
first video content and a second frame number of the second
video content.

12. The method of claim 10, wherein synchronizing the
first IP video packet with the second IP video packet
includes vertically aligning the first video content with the
second video content based on the first line number of the
first video content and a second line number of the second
video content.

13. The method of claim 10, wherein synchronizing the
first IP video packet with the second IP video packet
includes horizontally aligning the first video content with the
second video content based on the first pixel number of the
first video content and a second pixel number of the second
video content.

14. The method of claim 10, further comprising deter-
mining, using the hardware processor, a second buflering
interval for synchronizing the second IP video packet with
the first IP video packet, the second bullering interval being
determined based on a second frame number of the second
IP video packet, a second line number of the second IP video
packet, a second pixel number of the second IP video packet,
and the common reference time.

15. The method of claim 14, further comprising holding,
using the hardware processor, the second IP video packet
during the second bufilering interval.

16. The method of claim 15, further comprising releasing,
using the hardware processor, the second IP video packet
when the second bullering interval elapses.

17. The method of claim 10, wherein the first frame
number, the first line number, and the first pixel number are
included 1n a header of a first frame of the first IP video
packet, and a second frame number, a second line number,
and a second pixel number are mcluded 1n a header of a
second frame of the second IP video packet.

18. The method of claim 10, wherein the common refer-
ence time 1s the second time the second IP video packet i1s
received.
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